
Reviewers' comments: 

Reviewer #1 (Remarks to the Author): 

“A new hypothesis for the origin of Amazonian Dark Earths” by Silva et al. reexamines the genesis of 

Amazonian Dark Earths (ADE) soils from ~4.5 ha study area from the Brazilian Agroforestry Research 

Station (EMBRAPA). Nutrients concentrations of phosphorus (P), calcium (Ca), total soil carbon, and 

pyrogenic microcharcoal, along with 26 other mineral elements, including strontium (Sr) and 

neodymium (Nd) were analysed in ADE soils and compared with nearby Ultisols (natural soils). Based 

on the levels of P and Ca, the authors then calculate a pre-European population density estimate 

needed to attain the observed nutrient enrichment in ADE fertility, relative to surrounding soils. They 

conclude that to achieve the accumulation of nutrients observed at the site, indigenous populations 

would have had to settle the site thousands of years earlier (around ~7500 BP), or be orders of 

magnitude larger than previously reported (ca. 20 to 60 people per hectare). Based on these 

calculations, they propose an alternative hypothesis that ancient populations exploited natural ADEs 

(e.g. riverine sediments, enriched in P, Ca, and enriched concentrations of radiogenic strontium (Sr), 

neodymium (Nd), δ13C, and pyrogenic carbon), but were not responsible for their genesis. 

To date, experimental biochar studies have fallen short of replicating the long-lasting ADE fertility and 

the formation processes of ADEs are still unknown. Silva et al. attempt to address this important 

research question, however, their arguments to support the natural genesis of ADEs has fundamental 

flaws based primarily on the oversight of a significant body of archaeological, archaeobotanical, and 

palaeoecological literature that establishes the antiquity and density of local human occupation. The 

authors cite the eastern Amazon, Santarém region as their reference for human chronologies, using 

the apex of pre-Columbian activity (starting 4,500 and peaking at 2,500 BP). As a correction to the 

data used in this study, in the eastern Amazon, the earliest evidence of human activity is ~11,000 cal 

BP from Pedra Pintada Cave, Monte Alegre, Pará1. There is extensive archaeological evidence led by 

Eduardo Neves that is closer to the study region that would be more relevant than the eastern 

Amazon case study. There is a high density of archaeological sites near the EMBRAPA study area (>5 

archaeological sites less than 10 km away and more than 20 sites within a 30 km radius)2. These 

records are essential to the interpretation of the ADE histories in the area as the earliest evidence of 

local human activity is >9,000 years ago 2–6 and in the broader region >11,000 years ago1,7,8. If 

the accurate chronology of human occupation in the region is considered, it is not possible to exclude 

humans as the dominant driver of ADE formation. 

In addition to the archaeological data, there have been decades of extensive debate on population 

estimates in the Amazon ranging from 1 to 10 million people in the Amazon Basin. See Koch et al. 

2018 for a review of this debate and a synthesis of the key literature. Population density estimates 

have large margins of error and can lead to over-generalizations about the Amazon which has 

extremely heterogeneous human occupation histories. These types of estimates should be treated with 

extreme caution. 

That being said, based on the calculations proposed here: an ADE patch of 1 hectare would have 

required ~1000-8000 years of continued occupation to attain the P and Ca observed in the record if 

only fish was added and ~1500 to 18000 years if only human waste was added. Based on the 

archaeological data from the eastern Amazon, Silva et al. argue that the apex of human activity in the 

region does not occur until 2500 to 500 cal yr BP (Line 84 to 86). This leads the authors to conclude 

natural versus human genesis of ADEs. When the accurate chronology of local human occupation is 

considered, the history of human occupation falls within the population density estimates produced in 

the study. Existing research of ADEs 9,10 indicates a combination of both food and human waste while 

the results here also suggest riverine sediment input. A calculation combining all three of these inputs 

would be more accurate as well as decrease the time needed to attain nutrient enrichment levels. The 

authors argue that their calculations do not support the traditional view that ADEs were formed after a 



few centuries of intermittent management. However, there are dated ADE soils <550 years old11,12, 

suggesting that soils in densely occupied regions, could have formed in a few hundred years. Again 

calculations that include a combination of food and human waste and riverine sediments may improve 

these estimates. 

In addition to the archaeological research, there is an extensive body of archaeobotanical research 

linking ADE and early crop cultivation throughout the Amazon lowlands >6,500 years ago13–16 and 

new studies indicate pre-ADE crop cultivation > 10,000 years ago in the Llanos de Moxos7,17. 

Together, these data confirm ADEs were formed after the adoption of crop cultivation suggesting ADEs 

may have been developed by humans and used to enhance subsistence yields. Base on the inclusion 

of this archaeological and archaeobotanical literature, a revised interpretation of these data must be 

considered that includes humans and a potential driver of ADE genesis. 

Another line of evidence used to support riverine inputs is from the isotopic enrichment of ADE carbon 

profiles that coincides with pyrogenic carbon inputs. Based on the revised archaeological chronology 

discussed above, this will co-occur with human occupation in the area. While the enrichment of δ13C 

values could indeed be linked to the expansion of the C4-dominated “campinaranas”, the presence of 

humans at the study site, necessitates the consideration that crop cultivation may have influenced the 

δ13C values both indirectly (through the removal of trees for crop cultivation which increased C4 

grasses) and directly (through planting C4 crops such as maize). Previous research has shown that 

pre-Columbian populations used open landscapes for crop cultivation because it was less labour 

intensive than clearing forested landscapes18. Additionally, maize cultivation is often preceded by a 

peak in sedimentary charcoal16. There are numerous examples of concurrent maize cultivation and 

fire management in the region dating to the genesis of the ADE soils at the EMBRAPA study 

site15,16,19. One of the most accurate ways to determine the drivers of δ13C values is through 

phytoliths from the ADE soils which can distinguish C4 grasses versus maize. While the addition of 

phytolith analysis may not be feasible in this study, without them, it is not possible to determine if 

δ13C enrichment was driven by C4 grass or maize cultivation. Lastly, see Arienzo et al. 201920, who 

demonstrate local fire management versus regional fire activity, drove sedimentary black carbon 

signals during the pre-Columbian period. 

The geochemical evidence produced by Silva et al. including the elevated concentrations of Sr and Nb 

provide compelling evidence riverine sediments were incorporated (either naturally or intentionally) to 

enrich the ADE soil fertility and would account for the presence of rare elements in the soils. The 

addition of riverine sediments may have played a key role in soil genesis by enhancing soil nutrient 

levels (along with fishbone and human feces). Based on the current data presented here, it is not 

possible to disentangle whether the riverine sediments were deposited naturally or added intentionally 

by humans to ameliorate soil nutrient levels, it does provide potential insights into the genesis and 

lasting fertility of ADEs. 

The inclusion of existing archaeological, archaeobotanical, and palaeoecological data discussed above, 

has the potential to shed new light on the interpretations of the EMBRAPA ADE record. The data 

presented by Silva et al. provide some of the earliest evidence of ADE soils which adds to a growing 

body of evidence of early Holocene sedentarisation and crop cultivation in the region13,14. I 

encourage the authors to consider these comments which will improve the interpretation of their 

results which has the potential to provide new insights into early soil amelioration techniques 

particularly in the realm of riverine nutrient enrichment. 
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Reviewer #2 (Remarks to the Author): 

Review of NCOMMS-20-12744-T 

This paper provides a detailed examination of the differences in a wide suite of elemental and isotope 

characteristics between a classic ‘Amazonian Dark Earth’ – ADE and the adjacent ultisol. This 

comparison, along with the construction of a detailed nutrient budget leads the authors to conclude 

that natural processes led to the enrichments observed in the ADE site rather than the systematic 

improvement of the soils by humans over a long period. An additional line of evidence is that the 

formation of the site predates known occupation of the area. 

This is an excellent piece of work, very detailed and clearly presented to the point where I could not 

identify a typographical or grammatical error to correct (which is very unusual). IN a nutshell, I 

believe that the authors have made a solid case that natural processes have contributed to site 

formation. However, as a disinterested observer of a very interesting topic, I feel the paper currently 



downplays human agency to a degree that is not supported by the data. I think the paper does 

warrant publication as an important contribution to an important debate, but needs some reworking to 

tone down the over-writing of humans as important in the genesis of ADEs. 

I am convinced by the arguments that there is an exogenous input to the nutrients at the site – that is 

clear from the data presented. The arguments about a smaller human imprint are weaker. 

(i) There is a single paper from 2003 (line 245) referred to as evidence that populations were not 

sufficient to generate the nutrient inputs calculated. There has been a lot of work more recently that 

has demonstrated considerably more evidence for widespread occupation of the Amazon basin, so I 

am unconvinced the population densities weren’t higher than proposed in that 2003 paper. 

(ii) The authors claim there is no evidence for occupation early enough to explain the radiocarbon 

dates at depth in the ADE. Lombardo et al. (2020) Early Holocene crop cultivation and landscape 

modification in Amazonia. Nature, recently suggest dates around 10,000 years ago for cultivation. This 

is admittedly in the western Amazon, but I think absence of evidence does not equate to evidence of 

absence in this case. If we accept 10,000 years then this is within the range of plausible nutrient 

additions calculated by the authors (line 228) 

(iii) I think the evidence of C4 biomass in in TOC could equally be taken as evidence of human 

modification of the local landscape, it is not diagnostic either way. 

(iv) Its had to tell from the way the data is presented, but it appears that charcoal concentration 

increases fairly dramatically up the profile – this is consistent with an increasing intensity of use as the 

surface is built up, with the trend in radiocarbon dates suggest there has been aggradation. Given the 

resistance of charcoal to degradation I would expect similar concentrations down the profile if this was 

due to natural processes? The same would not be true for TOC which degrades over time 

Other points 

(i) Right until the end, I thought ‘exogenous inputs’ meant nutrients from seasonal flooding, which 

does make sense to me, but then I learn in the methods that the surface is 40m above the river level. 

I suspect the annual flood pulse is not that high (maybe 10m?) and rates of uplift/incision are fairly 

low, so I am left unsure how the excess nutrients are thought to have accumulated. This needs to be 

clarified – is it excess nutrients from some time in the early Quaternary when the site was an active 

seasonally inundated feature, in which case I am unsure why extra Ca and P would not have had time 

to leach away a long time before the Holocene (since the authors claim Ca leaching can be rapid at 

line 238). 

(ii) Round line 238 – this suggests that Ca should be rapidly removed, so will not accumulate and cites 

evidence for observed Ca leaching from ADEs. This I think could equally be interpreted as close cycling 

of Ca during a previous period of intense management, with little loss, changing following 

abandonment to losses for Ca under conditions of no management. In term of P, I assume the 

reference is to loss as fine particulates, but again, depends on how it was burnt, ie management, and 

losses may not have been high from this mechanism. 

In summary, I think the authors have made a very valuable contribution in pointing out that ADEs 

have developed on ‘inherently more favourable’ sites, and this is worthy of publication, but there is no 

strong reason at this point to discount humans as having played a major role in developing them into 

the soils we see today. 

Reviewer #3 (Remarks to the Author): 

Amazon Dark Earth soils are enigmatic; they are dark nutrient-rich patches of soil existing within a 



broad matrix on redish to buff colored nutrient poor soils. They have been assumed to be formed by 

native peoples either through the purposeless addition of household waste or by the purposeful 

addition of charcoal through biomass burning (along with waste additions). They are associated with 

archeological deposits and have attracted a lot of work and comment but have seldom been well 

characterized by soil stratigraphers and soil geochemists. Nor have they been well studied by soil 

geomorphologists. This manuscript argues that rather than native people control on ADE development, 

the ADEs formed by natural fluvial/pedogenic processes and were exploited later by people. The paper 

exploits a good set of paired comparisons between ADE soils and nearby Ultisols. There is much merit 

to the research. 

In some cases, the ms seems to draw conclusions not merited by the data and/or uses the wrong data 

to evaluate a point. For instance, although the ADE and comparison Ultisols are close together it is not 

immediately obvious whether they are derived from different alluvial deposits separated in time. The 

ms argues that indeed they are the same deposit and uses the similarity in clay mineralogy (not 

elaborated) to argue that point. In fact clay mineralogy is the most likely component of the soils to 

converge to similarity over time and so it would be much more useful to use sand mineralogy to look 

for similarity/difference. Much of the interpretation depends on 13C and 14C data. In the case of the 

former the difference between the ADEs and Ultisol values is too small to be reliable given the 

potential differences in water use efficiency of different plants and the slight shift toward more heavier 

C in the ADE is interpreted to mean that savanna grasses grew on the site in the past. Seemingly 

neglecting the possibility of OM contribution from corn grown on the site. The mean residence time 

14C values for charcoal in the ADEs and the Ultisols are similar, although charcoal is in greater 

abundance in the ADE. The explanation for the similarity and difference between the between the two 

soils and their underlying stratigraphy depends on the use of Sr and Nd isotopes to draw linkages 

between the ADE isotopic signatures and that of river sediment and then there is an unsatisfying 

linkage drawn with sites much further upstream. This explanation is key to the paper and is not at all 

well explained. Without it the rest of the ms is enticing but empty. We are asked to take this site as 

iconic for many other ADEs but the linkage is not made – I suspect it is there and lies in the location of 

the ADEs along bluffs at the edges of rivers but even the context of the site under consideration to the 

existing nearby river is not presented (how far above flood level is the site? What is the down cutting 

rate of the river? How close to the river flood level could the river have been at the time of 

hypothesized inundation? Or is it an ongoing process? Why focus on superposition of elements via 

floodwaters as opposed to imposition of a different fluvial strata underlying the ADE?). 

Below I have specific comments. 

L. 57-87. One of the key points about most ADEs is that they are spatially associated with river 

channels and as Denevan suggests may be even more associated with “bluff” habitations. This is an 

essential part of the story being presented here, if I understand right. The argument being laid out is 

that the ADEs have somehow been augmented by natural processes likely associated with fluvial 

processes (more on this below). It seems like it would make sense to start developing the spatial 

association with rivers and bluffs up front in these paragraphs. 

L. 78-84. There are aspects of this sentence that don’t match with the evidence laid out by Macedo et 

al (2010) that the soils in western Amazonia are less weathered and higher in nutrients than those in 

central and eastern Amazonia. There is a concern here with the sweeping nature of some of the 

assertions in this paragraph. The idea presented here is that the soils everywhere are nutrient poor 

even though the broad evidence is more complex. Denevan was obviously working in a data-poor 

world with regard to soil properties. I don’t have a problem with the essence of the paragraph, but the 

building blocks have been mis-represented to some extent. 

L. 104. Having trees there that are typically ~12 m high suggests that they must be regrowing 

secondary forest rather than relatively stable forest communities, which makes sense if it is near an 

area that humans have utilized previously but a bit more nuance to the statement about dense 



rainforest with 12 m tall trees would be useful here. 

L. 109-113 and Figs. 1 and 2. The use of the term “exchangeable” with respect to P and Ca is 

incorrect usage if the ions in question if a Mehlich-3 extractant was used. There is no measure for P 

that is considered exchangeable and for Ca exchangeable would be expected to be determined by one 

of several standard methods such as NH4Ac or BaCl. And I don’t understand the presentation of Ca as 

cmolc/kg if cation exchange was not measured (at least there is no mention of it). If Ca was measured 

on the Mehlich-3 extract, then it too should be presented as mg/kg in analogy with P and both should 

be called “extractable” rather than exchangeable. Fig 2 calls them “available” which is fine although it 

should be mentioned somewhere that you are assuming the Mehlich-3 extract is a measure of plant 

available ions. Also the last column of Fig. 2 has a funny ratio that should be rectified – if it turns out 

that Ca was actually derived from a measure of exchangeable extraction and therefore presented 

correctly in the second column then the values presented here should be transformed from molar to 

mass units prior to developing the ratio (remembering that what is being presented in the second 

column is the molar amount of charge that Ca is providing rather than a mass unit). Regardless the 

extraction technique(s) should be explained in the methods description rather than just mentioned in 

the fig caption. Fig 1 caption calls out Bottom Left and then describes the central left figure (which has 

been used in a previous publication and is fine but should be noted as such). 

L. 132. In several places the term “rare mineral elements” is used which is confusing. I don’t know 

whether to interpret that as another way of saying rare earth elements which has a specific geological 

meaning or whether it is being used to denote all elements that are typically found in low abundance 

in crustal rocks and soils. If the latter I would suggest using trace element as a term and if the former 

to use rare earth element. 

L 140-148. A couple of points and questions. Given the list of 16 elements can you say anything about 

those that might be biocycled and those not? In passing, Se is a potentially interesting tracer because 

it is not much utilized by plants but required by animals and hence its distribution could be indicative 

of fish parts or not. It would be good to actually note what the clay minerals were. And frankly it is not 

surprising that the clay minerals are not different given that the formation of those minerals is guided 

to a great extent by climate with their amount being determined by time (or inheritance from parent 

material). So It would be much more instructive to quantify the sand or silt mineralogy to see if there 

were differences that might be indicative of either different parent materials or different lengths of 

weathering and hence potentially greater depletion of weatherable minerals in the Ultisols relative to 

the ADEs where the argument if I understand it right is that there has been augmentation. 

L. 152-183. There is a lot of important material in this paragraph, but I cannot fully grasp it. I get that 

the black carbon dates older than the bulk carbon. This makes sense if we assume that black carbon is 

a more recalcitrant fraction of the total. But one needs to be careful in the interpretation since all 14C 

values in soil are going to be mean residence time values. I don’t think there is a problem with the 

interpretation that the black C is older than when it is thought that people were there but is it not 

possible that it just means people were there earlier than we thought. After all the age of the peopling 

of the Americas keeps getting pushed older. That should be considered as possibility here even if you 

want to argue that the weight of evidence for the ADE formation lies elsewhere. 

The fact that the ADE profiles contain more organic matter derived from C4 plants is significant to the 

story but unfortunately the 13C values in the ADE and Ultisol are too similar to be interpretable as a 

mixing of C3 and C4 plants – it could easily be due to differences in water use efficiency driven by the 

different water holding capacities of the soil. But if you believe that you can pick apart a plant 

signature between del 13C of -24 and -26: Was that C4 contribution derived from savanna grass or 

from corn grown in the ADE area? The interpretation put forth here relies on work showing that 

elsewhere in Amazonia there are/were patches of savanna that contributed C4 signature to soils. That 

discussion requires more explication than is provided here – really needs its own paragraph to lay out 

the argument because it seems as though the simplest explanation is the corn crop contribution – so 



why make it more complicated? Is it really legitimate to point to savanna sites farther upstream where 

it is more likely that most of the soils are more nutrient rich (at least according to the papers by 

Quesada et al)? I know these savanna patches and their potential significance to past conditions have 

been deemed important to the paleoecological relationships in the basin but how clear is the 

relationship? The relationship between upstream patches and the ADE site under consideration here is 

key to the argument but not well enough explicated. 

The material from L. 165-177 is presented as an explication of the savanna story and related ideas 

about depositional environments but it is too compact to provide the context necessary to understand 

the problem. For instance, I do not understand the quote about sediment deposition being activated or 

deactivated by specific environments. What landscape positions are being talked about? Is this in the 

floodplain (Varga forest) or in the upland (Terra Firmae forest)? And since there has not been an 

explicit discussion about the landscape position of the study location I can’t envision the process being 

called on. From other reading (Denevan, Glaser, etc) I assume that we are talking about bluff sites 

that are in close proximity to the floodplain but I don’t know that to be the case. Is the paleochannel 

being discussed here envisioned as contemporaneous with the process dynamics going on in the 

floodplain or is it etched into the upland? And what is the relevant time frame? – We know that the 

soils have different clay contents, is that because of different ages between the “levee” and the Ultisol 

site? An understanding of the stratigraphy at the contact between the two different landforms would 

be helpful here. I guess maybe the problem here is that the results are mixed with the discussion and 

the latter is not well enough developed. 

L. 209-211. In Fig 6; left panel, what do the notations inside the graphs mean? And the Sr isotope Y-

axis is screwed up. Somehow the graphic on the right side seems to have a lot of extraneous 

information that is beside the point – but maybe that is just because the depositional model the ms 

wants to get across is not well enough presented to include that material? Within reason I find the Sr 

and Nd isotope data to be convincing that there is a riverine input and that perhaps it is better to call 

on direct input of sediment than on the importation of fish bones although the Sr/Ca ratios could be 

jacked by thousands of years of differential leaching. Although it looks like there might not be much 

statistical power for Nd. Still I am having a hard time imagining this fluvial input being superimposed 

on the Ultisol soil/landscape rather than having two different sedimentary deposits separated by 

enough time to allow the Ultisol to have evolved to its present state of clay concentration whereas the 

“levee” deposit has evolved from a relatively sandy deposit to a sandy clay one. A focus on clay 

content rather than clay mineralogy. What is the particle size of the sediment that has supposedly 

been deposited on the levee (that derived from the suspended sediment load in the river? How does 

this augmentation actually work? What are the relative topographic positions of the Ultisol and ADE? 

What does the mineralogy of the sand or silt fraction tell you about sedimentation? Too many 

questions here to allow an unambiguous interpretation of the isotope data. Also not to be too 

argumentative or fanciful here but what about Denevan’s bluff model of habitation assertion that the 

location of habitation had to balance several features of the landscape: need to be close to the river 

and need to be close to fresher sediment that could be carried to the ADE sites for mixing with the 

existing soils to enhance nutrient status. The latter is perhaps more of an Anthropological construct 

than reality, but I do think that the isotope data and particle-size data could be simpatico with that 

model as well. And that plays into the first sentence in the following Human Inputs section. Are you 

implicitly discounting the model that humans added fresher sediment to the ADEs? If the argument 

here is that natural conditions drive the difference between ADE and Ultisol then that model probably 

needs to be addressed head on. 

L. 244-245. Is this a fair summary of the ideas (several centuries of ADE formation) in the literature 

about longevity and size of habitation? – seems like there is a lot of debate about this. For instance, 

Maezumi et al 2018 put the development of ADE technology at ~2500 years ago (at least in eastern 

Amazon). Perhaps a better way to discuss the results would be in terms of how they shed light on the 

existing ideas along with the idea that the ADEs are pre-existing features that were utilized by people. 



L. 264-266. The model proposed here for the “natural process” control and development of ADEs is 

not compelling. It likely due to too short presentation. Need to carefully lay out the argument. And it 

might be better to go to more of a results section and a discussion section format to drive that 

communication. 

Oliver Chadwick 





































REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

Thank you to Silva et al. for the detailed consideration of the reviewer comments. The revised version 

of the manuscript by is much improved and engages more with the local and regional archaeological 

literature. 

The authors now present a more holistic argument that the ADE soils were not the result of maize 

agriculture in the region. A recent study by Macedo et al. 2019: http://dx.doi.org/10.1590/1981-

81222019000100013 on soils from EMBRAPA came to similar conclusions: 

“Consequently, the presence of typical ADEs in fertile floodplains is strong evidence that the soil was 

not intentionally altered for agriculture, since these regions are naturally fertile and contain nutrient 

levels far above those needed for to cultivate the most common plants (Havlin et al., 2003). These 

findings show that the formation of ADEs, at least initially, was not intentional for agricultural 

practices, disproving hypotheses related to the role of limiting natural factors in the establishment of 

permanent and sedentary settlements in pre-Columbian Amazonia.” Macedo et al. 2019. 

Macedo et al. and the majority of recent archaeological literature (summarized nicely by Schmidt et al. 

2014 (http://dx.doi.org/10.1016/j.jas.2013.11.002), attribute the pre-agriculture ADE sites to 

deposits from residential contexts and in many cases, are products of waste disposal activities versus 

intentional agronomical uses to improve soil for cultivation. The connection with agriculture developed 

later on, as these soils were already formed. Macedo et al. (2018-2019) and others, argue ADEs were 

not intentionally formed for cultivation purposes. This interpretation is supported by the presence of 

faeces, plant and fish waste coupled with the absence of crop phytoliths in the EMBRAPA soils. 

Regarding the Masters theses on the archaeology from the EMBRAPA region: please see the recent 

peer reviewed summary by Mongeló et al. 2020. https://doi.org/10.1590/2178-2547-bgoeldi-2019-

0079. 

Mongeló et al. document Early-Mid Holocene occupation in the region by hunter-fisher-gather 

communities. In my opinion, the more parsimonious explanation of the EMBRAPA ADE soils is from a 

domestic context and the result of human and food waste from early occupants subsisting largely on 

aquatic resources. See Teotonio (Watling et al. 2018, 2019) as an example of early fisher-forager 

communities. The needed contribution of fish to enrich the ADE soils is already discussed in detail by 

Silva et al. If the interpretation that the EMBRAPA ADE is of human origin is considered, the EMPRAPA 

ADE site represents some of the earliest evidence of permenant fisher-hunter-gatherer communities in 

the Amazon and may have important implications for understanding the transition from nomadic to 

sedentary populations. 

The Later min- to late- Holocene ADEs in other sites that demonstrate the presence of crop phytoliths, 

were later exploited by people for agriculture concurrent with the timeline discussed by Bush et al. 

and included in the discussion by Silva et al. This interpretation is supported by increasing evidence of 

crop cultivation prior to the development of ADEs (many of these papers are now included by Silva et 

al.), suggesting ADEs were not a requisite for mid-Holocene crop cultivation but were often exploited 

to increased subsistence yields with the Late Holocene expansion of crop cultivation in the Amazon. 

*NB: There may be exceptions to the intentional formation of ADEs for crop cultivation at unique sites 

including Santarém (Stenborg et al. 2016) and Tetonio (Watling et al. 2018, 2019), but the majority 

of the recent ADE archaeological literature suggest this is not the norm. 

Regarding Late Glacial-Early Holocene flood levels and contribution of fluvial material into the ADE 

soils (13 to 10 k; Passos et al.) (Lines 226-228). As Silva et al. argue, most of the documented ADE 



sites are located on high terraces 30 to 40 m above the floodplains. However, not all of these bluff 

sites would have been flooded during the Holocene. Additionally, there is also an exponential increase 

in the number of ADE sites in the last 2k on the bluffs but modern flood levels stabilize around 6k. 

This holds true even with rivers such as the Madeira that experience increased river volume during the 

Late Holocene. 

If the authors argue the EMBRAPA ADE is not attributed to residential contexts from Early Holocene 

hunter-fisher-gather occupation in the area, please clarify the rationale as to why the EMPRAPA bluff 

site would have a different developmental trajectory than later ADE bluff sites that develop across the 

Amazon in the last 2k. 

Minor comment: 

Line 187: Typo: change me to be. 

Reviewer #2 (Remarks to the Author): 

I have read the response to all the issues raised by the reviewers and it is complete and thoughtful. I 

have also read the revised manuscript, and believe that the authors have adequate addressed the 

issues raised in my review and also in the other reviews. As a result I find this version of the 

manuscript acceptable for publication. I have appended pdf version with comments, but these are all 

of a minor grammatical/typographical nature. 

Something that hadn't occurred to me until I re-read the manuscript is that it will be of major 

significance to the massive effort that has gone in the 'biochar' over the last decade. Its always been 

clear that ADEs were 'more than just charcoal' but I think this underscores the fact and greatly 

extends understanding. It doesn't render biochar research meaningless, but it does possibly suggest 

that biochar research might need to incorporate a broader view to optimise use in modern agriculture. 

This, along with the archaeological interest does make the manuscript of broad significance. 

Reviewer #3 (Remarks to the Author): 

I found the revised ms to answer my concerns which primarily had to do with lack of clarity around 

some of the conceptual models that were presented. Also the figures have been greatly improved. I 

have no further concerns with the presentation of the ms and think that it is an important data-driven 

contribution to the ADE literature.











REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

I have read the response to the issues raised in the previous review which has addressed the majority 

of my concerns. Thank you to the authors for addressing the issues raised in my previous comments. 

Minor commments for the revised manuscript: 

1. In addition to the pie charts for the pyrogenic microcarbon % values, can a line plot of the be added 

to the SI material of the microcarbon percentage with percentage on the x-axis and depth on y-axis 

and labels aproximate ages next to the sample depths. Also can the A, B, C group lables be added to 

the age depth profile to facilitate the comparison of both depth and timing of changes across the 

different figures. 

In Lines 202-203 can a sentence or so be added on pyrogenic microcharcoal interpretation in this 

record. Are the EMBRAPA microcharcoal data though to be produced in situ or washed in during flood 

events and are these grass fires thought to be natural (e.g. lightning caused or anthropogenic in 

orgin?) 

Minor comments: 

Define microcharcoal size range at first use (e.g. line 89) 

Line 86: replace best with a well studied... 

Line 163: Define macro and microcharcoal size classes 

Line 288: Rephrase this sentence, this is with in the range of prefvioulsy population density etimates 

as stated in Line 294. 

Line 260: replace don't with do not 

Line 316: replace best with well studies. 



REVIEWERS' COMMENTS

I have read the response to the issues raised in the previous review which has addressed the 
majority of my concerns. Thank you to the authors for addressing the issues raised in my previous 
comments. 
Minor comments for the revised manuscript: 

1. In addition to the pie charts for the pyrogenic microcarbon % values, can a line plot of the be 
added to the SI material of the microcarbon percentage with percentage on the x-axis and depth on 
y-axis and labels aproximate ages next to the sample depths. Also can the A, B, C group lables be 
added to the age depth profile to facilitate the comparison of both depth and timing of changes 
across the different figures. 

We accepted the first part of this suggestion and added two new graphs to the supplementary 
materials (SI Figure 2) showing microcharcoal and d13C trends with depth. The original data for all 
figures is available in the permanent repository listed at the end of the document. We did not 
included the suggested A, B, C to the age-depth plot because those depth ranges were not used in 
the age-depth model; that is, unlike in the pie chart insets where we showed average microcharcoal 
amounts, we report the individual measurements in the age-depth figure and therefore the 
indication of depth ranges would be confusing in this case.    

In Lines 202-203 can a sentence or so be added on pyrogenic microcharcoal interpretation in this 
record. Are the EMBRAPA microcharcoal data though to be produced in situ or washed in during 
flood events and are these grass fires thought to be natural (e.g. lightning caused or anthropogenic 
in orgin?) 

Added as suggested 

Minor comments: 
Define microcharcoal size range at first use (e.g. line 89) 

Corrected as suggested 

Line 86: replace best with a well studied... 

Corrected as suggested 

Line 163: Define macro and microcharcoal size classes 

Corrected as suggested 

Line 288: Rephrase this sentence, this is with in the range of prefvioulsy population density etimates 
as stated in Line 294. 

Corrected as suggested 

Line 260: replace don't with do not 

Corrected as suggested 

Line 316: replace best with well studies. 

Corrected as suggested 




